Seeds of six cultivars of yellow lupin (Lupinus luteus L.), three of white lupin (Lupinus albus L.) and four of narrow-leaved lupin (Lupinus angustifolius L.) were analysed for the content of nutrients and antinutritional factors. Batches of seeds harvested during three consecutive years were analysed for each cultivar. Seeds of yellow lupin cultivars contained significantly (P<0.05) more protein (43.5% DM), cystine (2.21 g/16gN), ash (5.4% DM), crude fibre (16.4% DM) and alkaloids (510-1300 mg/kg DM) than seeds of white and narrow-leaved lupins. Seeds of white lupin had significantly more fat (10.5% DM), manganese (670 mg/kg DM), toxic alkaloids (600-950 mg/kg DM) and more threonine and isoleucine (3.77 and 4.39 g/16g N, respectively) as compared to other species. The contents of lysine, cystine and isoleucine in yellow lupin protein and that of threonine in white and narrow-leaved lupin seeds (g/16g N) were negatively correlated with the protein content of seeds.
INTRODUCTION
Sweet lupin seeds are a potentially important source of protein for monogastric animals. The nutritive value of lupin depends mainly on the content of both protein and oil. The latter is especially high in white lupin seeds. Lupin oil is not only an energy source, but it contains essential unsaturated fatty acids (Hill, 1977) .
Good adaptability to various climatic and soil conditions qualifies lupin as a homegrown substitute for imported soyabean meal. Yellow, white and narrowleaved lupins are grown in Poland. Cultivars with determined type of growth and more uniform ripening were obtained within each species over recent years (Swiexicki et al., 1997) . Modifications of the lupin genotype resulting in the improvement of agronomical traits may affect the content of nutritionally important components. Therefore, the main objective of the undertaken study was to evaluate chemical composition of 13 recently grown lupin cultivars representing three species. Only low alkaloid varieties, cultivated for feeding purposes, were analysed.
MATERIAL AND METHODS
Seeds of six cultivars (Juno, Popiel, Amulet, Radames, Cybis, Manru) of yellow lupin (Lupinus luteus L.), three cultivars (Hetman, Bardo, Wat) of white lupin (Lupinus albus L.) and four cultivars (Emir, Sur, Saturn, Polonez) of narrow-leaved lupin (Lupinus angustifolius L.) cultivated in Poland were analysed in this study. Cultivars Juno, Popiel, Radames, Manru, Hetman and Saturn are recently bred ones, some of them with introduction of genes controlling self-completing or thermoneutrality. The lupins were grown in the central and middle-west regions of Poland. The tested seeds were provided by the plant breeding stations such Wiatrowo, Kosieczyn and Strzelce, where standard cultivation technologies are applied. The samples of each cultivar were collected and analysed for three consecutive years. The average yield of yellow and narrow-leaved lupin seeds was about 2 t and of white lupin -about 3 t/ha, except for the year 1992, when water deficiency decreased yields by about 60%.
Analytical methods
Dry matter (DM), nitrogen, ether extract (EE), ash (A) and crude fibre (CF) were analysed using standard methods (AOAC, 1990) . Amino acids analysis of lupin seeds was performed with a Beckman 6300 High Pressure Amino Acid Analyzer using modified procedures according to Buraczewska and Buraczewski (1981) . The contents of neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) were determined according to the Van Soest and Wine (1967) and Van Soest (1973) methods. The quinolizidine alkaloids content was analysed according to Wysocka et al. (1989) using a thin layer chromatography. The minerals: Ca, K, Mg, Na, Fe, Mn, Zn, Cu of lupin seeds were analysed using Atomic Absorption Spectrometer -Philips PU 9100X (Philips Scientific 1988) . Phosphorus was determined by AO AC procedure (1990) .
Statistical analysis
The average values and standard deviations were calculated for three analysed samples representing three consecutive years. Multi-way analysis of variance was carried out on the results using year of harvest and cultivar of lupin as an independent variable. All calculations were made using Statgraphics Plus ver. 7.0 (1993).
RESULTS AND DISCUSSION
Seed composition (Table 1) was influenced neither by the year of harvest nor by lupin cultivar within the species. Similarly, no significant differences were found between the modern (new bred) and the older cultivars. Comparison of the composition of three lupin species (Table 2) showed interspecific significant differences in the seed weight and the level of many seed components.
Weight of seeds
The mean weight of one thousand of yellow lupin seeds ranged from 122 g (Amulet) to 137 g (Radames) and did not differ statistically among cultivars. Among the yellow lupin cultivars the greatest variability in weight of seeds between the years was found in Manru variety. Seeds of white lupin cultivars showed a greater weight variability, especially Hetman, than other species. The weight of one thousand seeds of narrow-leaved lupin was from 120 (Sur) to 168 g (Saturn) and it did not differ significantly among cultivars.
Among three lupin species, the weight of one thousand seeds of white lupin was greater (260g) than those of yellow (130 g) and narrow-leaved lupins (146 g) (P<0.05). These data are in agreement with the results of Brillouet and Riochet (1983) , who reported large differences in the seed weight among lupins. Weather conditions during a plant maturation influence the size and weight of lupin seeds. This correlates with the yield which can be decreased by about 20-30% in dry years (Aniszewski, 1993) .
Crude protein
In seeds of yellow lupin cultivars, the crude protein level was high and ranged on average from 42.2 to 44.4% DM. In white lupin cultivars the variation was greater and was: from 30.7 in Wat to 37.4% DM in Hetman but the differences were not statistically significant. Manru and Hetman showed the greatest variability between the years in protein content among the yellow and white lupins, respectively. In narrow-leaved lupin seeds, the crude protein ranged from 31.6 (Sur) to 34.6% DM (Saturn).
Among the tested species the highest protein content was determined for yellow lupin seeds, what supports other findings (Hill, 1977; Pa^gowska, 1990 Pa^gowska, , 1993 .
Ether extract
In seeds of yellow lupin cultivars, the ether extract content was between 4.6 (Amulet) and 5.7% DM (Radames). The fat content in white lupin seeds was significantly higher as compared to other species and ranged from 10.2 to 10.8% DM. It was shown that the fat level was negatively correlated with ADF content (r = -0.687; P<0.05) of these species. Narrow-leaved lupin cultivars did not differ in their fat content; it ranged from 5.5 (Saturn) to 6.8% DM (Emir) and was similar to that of yellow lupins. As raported by others, lupin oil is mainly composed of unsaturated long-chain fatty acids; oleic, linoleic and oc-linolenic acids dominated among them (Green and Oram, 1983; Lampart-Szczapa et al., 1994) .
Fibre fractions
The crude fibre content of yellow lupin seeds was relatively high and ranged from 15.8 to 17.3 % DM. The highest NDF (26.8%), ADF (21.7%) and ADL (2.8%) contents were found in the cultivar Manru. Greatest variations in fibre fractions among years of cultivation was observed for Popiel. A positive correlation (r = 0.915, r = 0.906; PO.01) was found between the content of crude fibre and either the NDF or ADF content. The level of fibre fractions did not differ significantly among cultivars within each lupin species. In white lupin cultivars the crude fibre content varied from 13.0 in Hetman to 15.6% DM in Wat. In narrow-leaved lupins the level of fibre fractions were slightly higher in Sur than in Saturn, Emir and Polonez. A positive correlation was found between crude fibre and both the NDF and ADF content (r = 0.917, r = 0.847; P<0.01). Among three lupin species, no significant differences were observed in the content of fibre fractions, with the exception for crude fibre, the level of which was lower for white than for yellow lupin (P<0.05). Similar content of NDF and ADF in yellow lupins was found by Flis (1993) and in white lupin seeds by Robinson and McNiven (1993) . Positive correlations between NDF and ADF content were found in yellow (r = 0.875; P<0.01) and of narrow-leaved lupin seeds (r = 0.795; P<0.05).
Ash
The crude ash content in yellow lupin cultivars, ranged from 5.1 to 5.7% DM and was significantly greater than in seeds of white lupins (4.0-4.6%) and in those of narrow-leaved cultivars (3.9-4.3%) DM).
Mineral composition expressed in g or mg per kg DM of lupin cultivars is summarized in Table 3 . The figures are means of three successive years of lupin seed analyses. No significant differences were found among cultivars of any lupin species including the modern and older type cultivars, which suggests that the content of minerals depends rather on fertilization and soil properties than on genetic factors. In all tested cultivars potassium was a dominant macroelement (10.3-14.0 g/kg DM).
An interspecies comparison (Table 4) showed that yellow lupin seeds contained significantly more K, P, Fe, Zn and Cu than seeds of white and narrow-leaved lupins, concomitantly with their ash level (Table 1) . However, the greatest differences among species were observed in the Mn content. Its level in white lupin cultivars ranged widely from 447 to 828 mg/kg DM. Its content was much lower (up to 102 mg/kg) of other lupin species seeds. The present results are in agreement with those of Zduhczyk and Flis (1997) who determined up to 830 mg/kg DM of Mn in white Polish lupins. Even higher levels of Mn were reported by Gross (1984) and Gross et al. (1994) for Multolupa and Astra white lupin seeds containing, per kg DM 1.42 and 1.27 g of this mineral, respectively.
Amino acids
Amino acid composition (Table 5) , except tryptophan, did not differ among yellow lupin cultivars. It was found that protein of Radames contained significantly more tryptophan (0.90 g/16g N) than that of other varieties (0.76-0.80 g/16g N). Among white lupin varieties, protein of Wat lupin contained more (P<0.05) lysine (5.15) and threonine (3.93) than protein of Hetman (4.71 and 3.60 g/16g N, respectively). Significant differences in the content of some amino acids were also found among narrow-leaved varieties: protein of Emir and Sur contained more threonine and less glutamic acid and serine than protein of Saturn and Polonez. Protein amino acid composition of newly bred cultivars, such as Hetman, Saturn and Polonez was found to be less favourable than of other varieties of each species. Comparison of amino acid composition of protein of the species (Table 6) shows small but significant interspecific differences in nonessential and essential amino acids content, except lysine, methionine and phenylalanine. The most important difference was the highest cystine content and consequently its proportion in the sum of sulphur amino acids and relatively lowest threonine and isoleucine content in yellow lupin. Also, substantially greater tryptophan content was found in protein of narrow-leaved lupin than of the other two species. Comparatively, the highest threonine, tyrosine and isoleucine content in white lupin protein is in agreement with values found by Green and Oram (1983) .
It was found that lysine (r = -0.594), cystine (r = -0.542), and isoleucine (r = -0.483) content of yellow lupin protein, and threonine of white (r = -0.713) and of narrow-leaved lupin (r = -0.645) were negatively correlated with the protein level. A negative correlation between the same amino acids and protein was also reported for other leguminous seeds (Evans and Butler, 1980; Reichert and McKenzie, 1982; Gdala et al., 1992) . In spite of rather uniform lysine, methionine and tryptophan contents of protein of three lupin species, the nutritional value of yellow lupin as a source of protein supplementing cereal proteins may be lower because of relatively low threonine content. Tests with rats (Wasilewko et al., 1995) showed that methionine is the first limiting amino acid in all lupins protein, while the second limiting one depends on the species.
Alkaloids
Quinolizidine alkaloids are the main lupin antinutritional factors. Their content (Table 7) ranged from 600 (Hetman) to 950 mg/kg DM (Wat) in white lupin seeds. Much lower alkaloid level, from 300 (Saturn) to 510 mg/kg DM (Sur) was found in narrow-leaved lupin.The level of quinolizidine alkaloids and gramine (an indol alkaloid) in yellow lupin seeds ranged from 230 (Juno) to 1300 mg/kg (Popiel). Erickson TABLE 7 Alkaloids content in choiced lupin cultivars, mg/kg DM
